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SECTION I

IN~TRODUCTION

BACKGROUND

The National !Aeror_-utics and Space Administ-ration (MASA) has
several wet scrubbers clt-signed to rteinove hypergolic fuel vapors
from various gas streamr. The scrubbers are located at Cape Cana-
veral Air Force Station, Florida (CCAFS). The U.S. Air Force (USAF)
is interested in deterining if the hypergolic scrubbers are appli- 

2

cable to certain USAF oj%-rations involving hypergolic fuels. To-
wards this end, a contract was let to conduct a series of tests at
the CCAFS. The purpose of ti-!se tests was to determine the effec-
tiveness of the scrubbe-s in z-ontrolling hypergolic fuel vapors
and to quantify the emim;sions from these scrubbers. The two by-
pergolic fuels under investioation were monomethyl hydrazine (MMI
fuel) and nitrogen tetreoxide (N204 oxidizer). Tests were con-
ducted during the mointh oif Au.;ust 1980. This report presents the
results of the testing o~f the hypergolic fuel vapor scrubbers.

PROCESS DESCRIPTIONM

Scrubber SystemS

Two scrubbers were rresented for testing, one eacTh for MMI

and N2 04 . These scrubbe rs were manufactured by -martin-miarietta,
Model Number S'10-10q5, and were designed to meet Kennedy Space
Center Specification No. 791(08492. Each scrubber is a portable,
skid-mounted system roug.hly 6 by 6 by 10 feet, hight. The system
contains four vertical-pack-ed bed scrubbing towers. A 750-gallon
scrubber liquor storage tank is located beneath the packed

towers. Scrubbing liquor is pumped from the storage tank to spray
heads located in the top of each tower. The liquid flows by gravi-

ty from each tower back into the storage tank. Gas flow through
the towers is countercurrent to liquid flow. Trhe gas flows through
each of the towers in s-ries. Figure 1 is a block diagramn of the

scrubber system. 
I

I The scrubber sys-a- is designed to handle a flow
rate of 400 standard cublc feet per minute, much higher than was

encountered during the lesting. The scrubbe'r inlet line is 6 in-
ches in diameter. ='or "A-s te-st the scrubber system was modified
to azcept a 3/4-inch ga inlet line. Sample tlaps and v.alves were
provided by Boeing Serv. es International (BSI) on the inlet and

outlet lines of the scrubber and the scrubber liquor storage tank.

t 
l-



3.0 0-
Li C L C

-C

03NOd C)C::4-)

0

09NJ~0

I 2

InU

4nI
0vs

-M-

F----- -J WT-~I0

0 cm 0

I- En
Cj w0

11- 4A



1 4

ii
Scrubber Liquor

When scrubbing MMV" vapors, the scrubbing liquor was a 14 per-
cent solution of sodium citrate in water (citric acid). For remov-
ing N2 04 vapors, a water solution of 5 percent sodium hydroxide and
10 percent sodium sulfite was used.

Fuel/Oxidizer Transters

Separate scrubber efficiency tests were conducted during fuel
(MMH) and oxidizer (N204 ) transfer operations. The liquid propel-
lants were transferred from a controlled storage tank to a tank
truck. The transfer is a batch operation involving about 3,000
gallons per transfer. Pressurized gaseous nitrogen is used to
force the propellant from one tank to the other. The tank being
filled is vented through the scrubber to the atmosphere. The ac-
tual liquid transfer operation took about three quarters of an
hour for MM and about one and a quarter hours for N2 04 . The pro-
pellant was then transferred back into the controlled storage tank,

after chemical analyses showed that the propellant was not contam-
inated. Samples of the scrubber inlet and outlet gas streams, as
well as scrubber solution sam.fles, were collected during each
transfer.

The transfer and scrubber operations were performed by BSI per-
sonnel. These operations incorporate very stringent safety regula-
tions. All personnel within 50 feet of the transfer operation are
required to wear speciai pressurized life support suits, called
SCAPE suits. All personnel beyond the 50-foot limit must be unwind
of the transfer site. no electrical equipment is allowed within
50 feet of the transfer site.

Prior to the start of a :ransfer, BSI pmersonnel made all the
piping hookups. Safety personnel then inspected all the connections.
After this, safety pers'nnel determined if the weather conditions
were suitable for the transfer. (No transfers are allowed if there
is an electrical storm In the area or if there is an inversion.)
After the safety personnel gave their approval, the area was cleared
and those working in the area put on their VAPE suits. The trans-
fer was then initiated. A total of 3 to 4 hours was required to
complete the operations associated with a single transfer.

Ii 3
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SECTION I

SUMMARY AND DISCUSSION OF RESULTS

Tables I and 2 present the results of testing conducted on the
MN I and N2 0 4 scrubbers at the cCAFS. Table 1 lists the results for
the Mvi! scnbber tests (Ru-n runbers MM=-RI through M 4-R7). Table
2 lists the N2 04 scrubber test results (Run Funbers N 20 4 -Rl through
N204 -RIO)"

MN% SCRUBBER TEST RESUISTS

Table 1 presents results for inlet and outlet M-2I concentra-
tions, scrubber solution MMII concentration and pH, and the gas flow
rate to the scrubber. The inlet FM concentration reported is the
average of a series of grab samples. the nunber of samples depen-
dent on the length of the run, collected during each run, as is the
scrubber solution MM concentration and oH. The inlet gas flow rate
was calculated from the di splaceent effected by the transfer of
liquid propellant per unit time. As part of the normal operations
recuired during a fuel transfer, any excess pressure present in the
receiving tank had to be vented through the scrubber prior to the
initiation of the actual fuel transfer. This exhausted gas was not
included in the air flow rate calculatio since the initial tank
venting operation was of short duration conan red to the entire trans-
fer time. However, gaseous sampling was conducted during this tine.

T~e scrubbr outlet MM concentrationms presented in Table I re-

present a variety of sampling conditions addressed in the footnotes
to Table 1 and further eplaine n Section 4, Sampling Procedures-
It became apparent to t he test team sh r tlv after the test program
nad started that measuring W-4 at the low concentrations found in
the scrubber out)Aet w- 1 d be very diffi1cult. Several variations in
sampling procedures were tried. The meth-d 1.tich proved most suc-
cessful was the collection of a continuous outlet sample over the
duration of four 1*MI transfers. This saple protocol was observed
for runs MM-R9-12, MM!-R3-16, 'MVo-RI?, and I.r-RIB. For reasons
explained in Section , the contractor feels these results renre-
sent the most accurate '- scrubner outlet concentrations masured f
during the sampling period. Values reported for the other runs
should be considered approx te.-

Thee average inlet H'I- -oc en traion for all the sampling runs
was approximately P9arts petr= million (ppm), and outlet 3M.

concentrations averaned 1'! val ues) and 2.3 ppm (results
of four transfer samples, on a represents a ollection ef-
ficiency for the scrubber of r-t"than 99 rpercent. Bear in mind,
how.Veer that observations -made dt.. ig co'lection of the inlet same-
ples indicated the presen-e r on'ets or a mitwhich could have

4- 4
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been liquid MIM. The presence of the liquid :-,M in the Inlet sam-
ple would cause the concentration of gaseous MIMH to appear very
high. This would also cause the collection er iciency of the
scrubber (on a gaseous basis) to be inordinately high.

Figure 2 represents a plot of scru},ber solution MII concentra-
tion and pH versus scrubber opera v Pedictably, the MIUI
concentration increased with ope; 9 y t '. so predictably,
considering that an acid-base rea L -=-be, n fheorized by Ken-
nedy Space Center personnel as the cor -! ling reaction in the MMII
scrubber, the scrubber solution p1 al:,o increased. After run MM11-
Rl7, the scrubber solution was replaced with fresh citric acid. As
can be seen in Table 1, the scrubber outlet concentration dropped V
considerably (from an average concentration for M141-R17 of 3.4 ppm
to 1.6 ppm for run MMII-RIB), indicating that the scrubber solution
may have been approaching exhaustion prior to its replacement.

N 204 SCRUBBER TEST RESULTS

Table 2 presents the inlet and outlet nitrogen dioxide (NO2)

concentrations, the scrubber solution suifite (S03 ) concentration I
and pH, and the inlet gas flow rate for tests conducted during a
series of N2 04 transfers. As for the MM11 transfers, the inlet gas z
flow rate was calculated from the displacement effected by the li- !
quid N2 04 transfer. Inlet NO2 concentrations and scrubber solution
values are the average of several grab samples collected- during
each transfer.

As explained in the footnotes to Table 2 and further explained
in Section IV- Sampling Procedures, only those outlet NO2 samples j
collected over intervals of an N 204 transfer were used to determine
the scrubber outlet NO2 concentration for that transfer (i.e., scrub-
ber outlet N02 samples collected over the duration of the transfer

were not used in determining the outlet concentration).

As part of the sampling protocol, two blends of N204 were toi be investigated: MON 1 (99 percent N204 and 1 percent NO) and -MON |
3 (97 percent N204 and 3 percent NO). Transfers N02-RI through

-R6 were conducted while MON 3 was being transferred. Runs N02-R7
through -R12 were conducted on MON 1.

9 4

As part of the sampling protocol, scrubber outlet samiples were
aialyzed for nitric oxide (NO) during runs N204 -R8, -R9, and RI-RlO.
These results are presented in Table 2 as the second outlet concen- -T

tration value reported for these runs.

The inlet NO2 concentration measured during the N2 0 4- transfer
A averaged 428,000 ppm. This value represents not only NO2 gas, but J

also N204 droplets in the inlet gas stcam, as droplets of N204 were
observed during inlet sample collection (see Section IV, Sample Pro-

cedures). N204 reacts with the NO2 absorbing solution as NO, does,thus giving the appearance of very high NO2 concentrations in the I -

inlet gas stream.

8
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Figure 3a, 3b is a plot of scrubber liquor SO3 concentration

and pH, and scrubber outlet NO2 concentrations versus scrubber op-
erating time. The most obvious observation is the rapidity with 4
which the scrubber solution was exhausted. (Fach fresh charge of
10 percent SO lasted for approximaely 2.5 Yours of scrubber op-
eration.) At the completion of Runs N2 04 -R3, -R5, -R8, and -RII, I
th- scrubber solution appeared depleted, as as determined from
three separate observations: the high NO2 corcentrations measured
towards the end of these runs, the low So oncentration measured I
in the scrubber solution at the same tims, and the observation of
a reddish-orange plume of gas (presumably NO2 , exitino the scrubber
exhaust towardIs the end of Runs N204 -R3 and -RIl.

For Runs N20 4-R4 and -R6, it will be observed that outlet NO2
concentration started high and dropped to lower values before the
scrubber solution was depleted. No explanation can be given for
this observation; however, it can be speculated that the scrubber
system exhibits a lag effect due to the large scrubber volume in
comparison to the gas flow rates.

Referring to Table 2, the outlet NO2 concentration averaged
1,109 ppm for the 11 transfers conducted during this test program.
If the results from those runs where the scrubber liquor so 3 ap-
peared exhausted are excluded the outlet NO2 concentration aver-
aged 57 ppm. Referring to Run N204-R9, the scrubber outlet con-
centration was only 6 ppm NO2 during the run. This sample was
collected during a special transfer in which the inlet gas flow
rate was only 2.0 actual cubic feet per minute (ACFM) versus an
average of 6.5 ACFM for the other 10 transfers. Since it can be
assumed that the reaction of NO2 gas with an aqueous So = solu-
tion is a mass transfer limited reaction, the reduced aas flow
rate may have enhanced the removal of NO2 from the gas stream.
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SECTION ill

SAMPLING EQUIPMENT

The equipment employed for sampling both the MM and I204 gas
scrubbers during this survey was identical.

INLET GASEOUS SAMPLES

For sampling the inlet gas, a 1/4-inch valved stainless steel
tap with a rubber septum on the end was placed in the scrubber in-
let line. Gaseous samples were extracted from this line using a
30-millimeter (ml) hypodermic syringe with a 2-inch Luer-Loks need-
le. After the gaseous sample was collected and the sample absorb-
ing solution (0.1 N HCI for M0 '- and Saltzman reagent for N02 ) was
drawn into the syringe, the syringe was capped by setting a rubber

cork on the end of the needle.

SCRUBBER LIQUOR SAMPLES

To-collect scrubber liquor samples, a valved 1/4-inch stain-
less steel tap with a l/4-inc& sample line was placed in the dis-
charge line of the szrubDer solution recycle pump. Solution sam-
ples were drawn from this line into 500-ml borosilicte glass bot-

tles with TeflonD lined caps. The 1/4-inch sample line extended
to the bottom of the sample jar; efforts were made to ensure that |
the sample line was kept below the sample jar liquid level during
sampling. This was done to minimize loss of MMH in the MM scrub- -
ber solution and oxidation of SO3  in the N2 04 scrubber solution j
during sample collection.

OUTLET GASEOUS SAMPLES

Figure 4 is a generalized diagram of the equipment employed

to collect the outlet gaseous samples. A i/4-inch stainless steel
valved tap was placed in the outlet line of the scrubber. To this,

the upstream manifold shown in Figure 4 was attached. To the mani-
fold, a series of glass Midget impinger trains containing the ap- -1
propriate absorbing solution was coupled. The midget Impingers-

were standard impingers fitted with glass bubbler tips rather than

frits. All connecting tubing upstream of the glass impingers was
'. ! either Teflone or stainless steel.

Gas exiting the midget ininder trains passed through a silica
gel drying tube to a olypropylene vacuum line of approximately 75
feet in length. This length was needed to ensure that all unpro-
teted personnel and all electrical equipment was at least 50 feet

13 4
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upwind from any potential PM~ or 14204 leaks, as required by safety
regulations. outlet gas samnples were drawn through this assemblage
using a RACV (Research Appliance Corp.) vacuum pump - dry gas meter
rotometer assembly for measuring sample flow rates and total gas
volume sampled.
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SECTION- IV

SAMPLING PROCEDURES

-This section addresses procedures en-ploye d for sampling the
QIM and N204 scrubbers at the CCAFS. Procelures for sampling the a
inlet gas concentrations and scrubber liquors were basically the
same for both MIMI scrubber testing and N204 scrubter testing. Be-
cause of differences in the nature of the gases s-p'led, sampling
for outlet aas concentrations varied considerably between m141 and

N20 4 scrubbers. The first subsection of this section explains the J
procedures employed for sampling the inlet gas and scrubber liquors
for both the MM and -204 scrubbers. The second subsection de-
scribes sampling procedures for MXII scrubber outlet nas concentra- = -

tions, and the third subsection addresses N2 0 4 scrubber outlet N02
gas concentration sampling.

INET GAS AND SCRUBBER LIQUOR SAMPLING ?ROCDfURES

Inlet Gas Sampling Procedures

As originally planned, sampling for inlet gas concentrations.
was to have employed a midget ixpinger train asseibly similar to
the ones used for sampling the outlet gas. Prior to initiation of
the test survey at the CCAFS, an investigation of the potential gas
concentrations of M.i and N02 that might be encountered, based on
vapor pressures, revealed that gas concentrations higher than could j
be effectively sampled with an impinger train would be encountered.
Therefore, the decision was made to sample the iblet gas with 30-ml
Luer-Lok syringes.

Generally, the procedure for sampling inlet gas with the sy-
ringes was as follows, within 5 minutes of the initiation of an

MW!9 or 14204 transfer, the first gas sample was extracted with a
syringe. ITediately after this gas sample was collected, a known
aliquot of absorbing solution Was drawn into the syringe containing
the gas sample. T-he syringe was then capped with a rubber tork and,
shaken to ensure good mixing between the gas and absorbing solution.
Generally, for the MMH transfers, subsequent syringe samples were
collected at approximately 10-minute intervals after the first sam-
ple collection. For ,%204 transfers, syringe samples were collected
-at 10- to 15-minute intervals after the first sample was collected.
Gas sample volumes for MMH were were 15 ml and 10 ml for NO2 samples.
The absorbing solution for the 1M1 samples was 0.1 N HCI, and the
amount of HCI drawn into the syringe after sample collection was 15
ml. For NO2 samples4 the absorbing solution was Saltzman Reagent,
and the reagent aliquot was 20 ml.
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After the conpletion of a transfer, the syringes containi gas
sample and absorbing &olut-on were transported to the field labora-
tory for sample recovery. Each syrInuOe was vigorously shaken for
about one "ninutu, after wince tee b uie contents were expelled into
a volumetric flask. Subsequently, the syringe was washed thorough-
ly with the appropriate absorbing solution; the wash contents wre
placed in the appropriate volumetric flask, and the flask contents
were then taken up to volume with absorbing solution.

Scrubber Liquor Samples

The scrubher liquor samples were collected 1 to 2 minutes after
the inlet gas samples. As explained in Section I, Sampling uip-
rent, borosilicate glass bottles were used to collect the scrubber
solution samples. These samples were capped t~mmediately after C0- 6
lection and were transported at the completion of a transfer to the
field laboratory for analysis.

FMMI W!LET GAS SAMPIING PROCWZURES

At the inception of this test- survey, the contractor's intent
was to sample the outlet MMII eoncentration using midget impinger
trains. The contractor proposed to take a total of six to eight
outlet samples during each t. ansfer. Two samples were to have
been inteurated samples collected- throughout the entire transfer
operation. The remaining four to six samples were to have
been collected individually at 10- to 15-minute intervals during
the transfer. These samples would have indicated if the concen-
traton changed during the transfer.

At the completion of the first MMII transfer, results indicated
that the outlet concentrations were wery low, almost at the lower
limit of detectability for t'e metho y employed to analyze the

sampi s. Subsequently, for runs MI-R2 and MH-R3, the contents
of each of the impingers was analyzed separately in an atteMt t6
determine if the impinger trains were exhibiting good collection
efficiency. Also, since the quantity of MMI being collected in
the iminger trains was apparently so low, it was decided to in-
crease the sampling time for eacn short-term impinger train. Al-
thoun1 ' the results from runs R-2 And R-3 were not conclusive, i fi-
dicatlons- were that two factors were effedting the low values ob-
served for Run MM--Rl outlet; poor retention of the subject -MM in

the absorbing solution (0.1 N hydrochloric acid), and poor reten-
tion caused by high sampling fo rates whlich appeared to strip

collected MMI from the lead 4 npinges t hus, the sampling team
was confronted with the difficu'v Of collecting sufficient sample
MW! for analysis in the time required to coomplete a transfer.

Runs MM-R4 and -R5 were cond -ted -o Investigate different #1
absorbing solutions: 0.1 N sulfruric acid- (F-,SO4 Y_, 0.1 N citric
acid, and 0.1 N hydrochloric acid MCI)- Te results of theseiadid tH!) thee results thes-
runs indicate-that the 0 s -t n e e the best absorbing-

soltiofs ubsquet s~..lr fr -M! -in- the scrubber outlet
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I

gas s-rea- 'nmupoved 0.1 N H2S4 as the a--S~-in solution in the
impinger trains. Also investicated do-_ YVsM--R4 and -R5 was
the alteration of the m-ninoer train from tonal of three iepingers
to four imPingers per train; this was dn - i an attempt to imnr:e

retention of MMI in the impinger train; h ,wever, the results wereinconclusive -

Runs n-RG and -R7 featured an e.F=nd. i e tain (six
niue -s a well as variations in the 4nfow rates in or-

de t investigate the effects flow r haa oa _--1 ction effici-
ency. T-ue resuits Ot these runs indcae= - a -owr flow

effected better samiole muS! retention, t a- a-i*tona' imningers
were romulred to retain the MM. coillec t red. Aic. starting with
these runs, no further short-term imnnief goc =rin samles were col-
lected.

Runs MMI-R9 through -R-2, MM--R13 t ahrou -RI ML!-Rl7, and
MM-RIB reuesent scrubber outlet sn=Pe o lected- over the dura-
tion of four transfers. These samples lere iected at a lower
flow rate than attsoted during any of te -eais runs: since I
the samle flow rate was so low, it was =zsary to collect a
single saple over four transfers, there-v esurina sufficient
sample volume collection. These sample s were analyzed- by impin- 1
ger (iIe., eacn impinger was analyzed lv); resultsi-i
dicated better sample MM collection efirie ti-n had been pe-
vinusly observed. Because of this hiher eCf ciency, the contrac- I
tor believes that these outlet samples R MIH-Ri2 -RI6, -RI7,
and -RIB) represent the ,most accurate va-es for scrubber outlet
MM concetrations. As an adjunct to es collected during
these four transfers, runs MAM-R9 throuch -Rfi6 featured two impin-
ger trains of two impingers each, run na-aei to the impinger I
train sample collected during the four tansfers. These impingcr

trains were an-alyzed at the completion of eac- individual transfer.
Ths was not done during runs M.1M-.RI7 and -RIB, instead, these two -

Si .mnuer trains were replaced with two- .--1e trains, each with
six imjinmers per train, which were run Crr- duration of the
four ansfers. The results for each r=.-pnq traln are reportedi ~~~individualiv as the outlet MM Z MoOetr Tio o '~ -I -d

Table 3 presents a summary of salp ing ni flow rates,

etc., employed during the testing or ;Min an tn- scrubber outlet

Prior to the initiation of each sa-nil-g ruin, a, series of II-
pinger trains was charged with 20 ml of absorbing solution i. each
impinger at the field laboratory. The i g trains were thent
transuorted to the transfer area and cohned" to the sampling man- -
ifold (Sect-on III Sampling Emrniu nt) in preaation for sampling.- I

After plumbing was accomplished, bat be.-e srmling, a leak cheek
was performed using the following tc-.--e me valve at the -
scrubbr outlet samole line was closed interm-ediate valves

wee eedar- the RAS vacuum p'M-1p1 was .-t--ed On.Th vacuum
*pump was al-lowed-to- run- until 10-ide ~ra was developemd in
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the impinger train, as measured via a vacuum gauge installed in the
inlet manifold assembly. After the appropriate vacuum had been es-
tablished, the impinger contents were checked for babbling, and the
dry gas meter register was observed for movement. If no bubbling
was observed, and if the dry-gas meter registered less than 0.02
cubic feet in one minute, the system was considered leak tight.
In no case was sampling allowed to proceed unless this leak check
had been conducted satisfactorily. During sampling, the vacuum
did not exceed 2 inches of vacuum.

At completion of a transfer, the impinger trains were discon-
nected from the sampling manifold, sealed with rubber caps, and
transported to the field laboratory for sample recovery and analy-
sis.

Sample recovery was accomplished by transferring the impinger
contents into an appropriately sized volumetric flask. The iapin-
gers were then washed with -the solution employed as the absorbing
solution for that impinger train. The wash contents were then
transferred to the volumetric flask, and the flask was brought up
to volume with absorbing solution.

N2 04 OUTLET GAS SAMPLING PROCEDURES

AS was the case with MMH sampling, the sampling team encoun-
tered difficulties in using impinger trains effectively to sample
the scrubber outlet for the subject gas. For the N204 scrubber,
the difficulty encountered resulted from the fairly high NO2 gas
concentration present in the scrubber outlet, and the poor trans-
fer of NO2 gas into the aqueous medium present in the impingers
(Saltzman reagent).

Continuous impinger train samples were collected for the dura-
tion of this phase of the test program, as were short-term impinger
trains. Not until after evaluation of the data at the completion

of the test program, however, did it become obvious that the reten-
tion capacity of the continuous trains had been exceeded. For ex-
ample, N02-Rl impinger trains CT! and CT2 measured NO2 concentra-

tions in the scruibber outlet of 12 ppm and 28 ppm, respectively.
Short term impinger Lrains T3 through T6 measured an average NO2

concentration of 56 ppm for the same time period. This pattern re- --
peated itself for continuous samples collected of the N20 4 scrubber

outlet gas; for this reason, results reported for the N 2 4 scrubberj
outlet NO 2 concentrations were calculated using the average of the
short term impinger train results for each of the N2 04 transfers.

The techniques employed for setting up, leak checking, and re-
covering the impinger trains used to sample the N2 04 scrubber out-

let were identical to those used for the MMH scrubber. (See pre-
vious heading, MW." Outlet Gas Sampling Procedures.)

For Run N02 -Rl, .*ach impinger was filled with 20 ml of Saltzman

reagent; however, due to the high NO2 concentrations measured during

S-23
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this run, the decision was made to increase the amo.unt of Saltvman
reagent to 30 ml in each impinger. After analysis of N02 -R4 had
been completed, results indicated that three impingers

per train, as originally planned, were not sajficient. The decision
was oade to increase the number of impingers per train to six for

run N02 -R5 and all subsequent N204 transfers. However, even with
six impingers in series, small amunts of N02 were observed in the
last impinger of all trains. (Saltzman reagent turns pink upon
contact with low concentrations of N02 .)

W'hile the test program was underway, the desire was expressed
for a quantification of the amount of nitric oxide (NO) being dis-
charged from the N204 scrubber. Employed was a method from Air

Pollution Sampling and Analysis, 2nd Edition, for sampling NO
(Method 405 - Tentative Method of Analysis for Nitric Oxide Con-
tent of thz -miquhere), whereby an oxidation chamber is placed
in a sampling train for convertint NO ,c and the NO2 formed
is measured using the standard Saltzman technique. This was done
during runs N02 -R8, -R9, and -R10, plumbing this NO sampling train
at the end of an NO2 sampling train (Train T6). The oxidation
chamber was plumbed in after the NO2 impinger train, and the NO
train followed the oxidation chamber.

Table 4 presents a summary of sampling techniques, flow rates,
etc., employed during the testing for NO2 in the scrubber outlet -

gas stream. II
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SECTION V

ANALYPICAL PROCEDURES

This section describes the analytical methods employed during
the hypergolic vapor scrubber testing conducted at the CCAFS. The
first subsection addresses the analytical techniques employed dur-
ing MMI scrubber testing, while the second subsection addresses the

N204 scrubber testing analytical methods. Test data summary tables,

including example calculations, are presented in Appendix A.

MMH SCRUBBER ANALYTICAL TECHNIQUES

MMH Analysis

The analytical method for MMH determinations was the color-
metric procedure whereby M MI reacts with p-dimethyl amino benzal-
dehyde (DAB) in an aqueous acid medium to form a highly colored
product. Using a Perkir Elmer or Spectronic 20 spectrophotometer,
with the instrument set to zero absorbence using a reagent blank,

the absorbence was read at 460 namometers (nm) This absorbence was
then compared with a calibration curve prepared using aqueous solu-
tions of MMYX and DAB.

Because of an equipment malfunction encountered during the test
period involving the Perkin Elmer spectrophotometer, the field lab-
oratory personnel were forced to use a Spectronic 20 single-beam
spectrophotometer for a nortion of the test period. Figures 5 and
6 show the calibration curves employed for VMM- analysis using the
two different spectrophotometers. Observe that these figures also
address the use of DAB prepared: (1) in methanol, and (2) in water.

Due to the shortage of methanol available at the field laboratory,
it was necessary to analyze some of the MMI samples using DAB pre-
pared in water instead o9 the specified methanol. The calibration

curves drawn in Figures 5 and 6 were determined using linear re-
gression.

pH Analysis

The MM scrubber solution pH was measured using a standard
glass pH electrode and an Orion pH meter. Samples were shaken
well before measurement; samples were stirred with a magnetic
stirring bar during meas:remenL. The pH calibrations were done
using standard buffer solutions.

27
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E] Spec 20

1.6 2.61 iigfml P
1.76 ABS (PE)

1.5

1.4

13 USING PERKIN
ELMER
SPECTRO-0

1.2 PHOTOMETER

1.1

1.0

0.9 USING SPICTRONIC 20

0.8 SPECTROPIOTOMETER

0.7 CALIBRATION DATA

06ABS at460 nm

0.5 -MMH CONC. (ujg/nil) PE SPEC 20
0.22 0.218 0.095

0.4 -0.44 0.453 0.240
-0.87 0.859 0.480

0.3 1.74 1.250 0.700

.2.18 1.580 0.880
022.61 1.760 1.100

0.1

0 1.0 2.0 3.0 4.0
MMII CONC. (nig/mi)

*p -Diethylaminobenzeidehyde

FIGURE 5. Calibration Curve M*11 Concentration versus Absorbance,
PlAR Prepared with Methanol
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1. 3 139.2 iigfml ~
1.535 ABS (PE) E)(

1.2 13. gm
1.42 ABS
.Spec 20)

0.9

0.8 CALIBRATION DATA

,v 0.7 USING SPECTONIC 20

- I

SPECTROPHOT )METER ABS at 460 nm
0.6 -MMI (,igfml) PE SPEC 20

/0.1088 0.010 0.030
0.5 .0.2175 0.020 0.050

J ..

USING PEKI

3.435 0.40 0.478

2.760 0.706 0.825

10.440 1.230 1.120
.113.920 1.575 1.420

0.1

. I I I
0 1 23 4 5 6 7 8 913 9 10 11 213

M6- CONC. (P/m l)

*p -Dimethylam nobenZeldehyde

FIGURE 6. Calibrati Curve MM Concentration versus Absorbance,
DAB Prepared with Water
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0.7

0.6

0.5

0.4
CAL IBRATION DATA

0.3 Na:102 (1(5  g/m1) ABS at 550 nut
4.06 0.022
8.12 0.053

12. 18 0.080
16.24 0.110

0.2 0.300.131
40.60 0.273

81.20 0.527

0.1101.50 0.656

0 1020 3040 5060 70 8090 100110

NaNO2 CO'NC. (10~ p9g/1"'f

FIGURE 7. Calibration Curve -NaNG 2 Concentration versus Absorb-
ance (Perkin Elmer Spectrophotometer)
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1.3 USING PEKINr ELMER USING SPECTRONIC 20

1.2 SFECTROP40TOM-ER SPECTROPHOTOMETER

1 .0 -

0.9 -

0.8 :

0. 07 CALIBRATION DATA<

0.6 ABS at 412 nm
0.5 - 501 (ig/ml) PE SPEC 200.4 0.030 0.0465

0.8 0.090 0.100
0.4 1.6 0.219 0.2103.2 0.460 0.4600.3 4.8 0.702 0.6556.4 0.935 0.85

0.2 8 1.240 .o2
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FIGURE 8. Calibration Curve, Sulfite Concentration versus Absorb-
ance
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Example Calul,-n

Rxv: ambro Calcultions6

A. pressrelin cocfb .;

i-n.Hg

t'~.-i~n~e2x~r~'nce(x)0.049 ABS

12,500

-- f cal 4 bratl ion curve! (.i) 4.31

Y1 2t-~ cZont of calib1rati-on eur-vU Ib) 1.4308

a. Sa -zxi-n fact*or (empnirical obso I.-'e o f '-C02 T1 's lSm ~-or~neo
T.2 ;r35of so;dium nitr-te) (F) .7

b. rzner- factor - iter,;pe t.qic otCC) 28.3118
liters I

7=ER IVED DATA

l.Ct-ve%.onof .!lrv .:as sarlinledi A- liters1

.=st rn r~t .

Whoere: Tst is the temnperature at sta- mcrd conditions
(5280  ;rlP s tlre pr-ssnre at s 'a-r3 conditionsj

(29.92 ini).-

V i-.96(0.79) Z~Ig 2 9 3 ~ (8.318) 2.02 dry
n-st 561 2*92standAard lters

IA1



2. r-Cilculat icn of '. i ~-~iiof N;I0 2  oi .~"i..' in ili~e
tra. i du~ring saliwti ng. e

rm the ecIatjoa for a straiiuht line, y ~xib-

1-1g NNO ( 2. DF
2 i

mig NaNO '_ _Q --- ) 12,500 0.91,64 Ing

3. Con~vers ion of millitv- :is of E NoO2 t

mg NaIO0, V., 
I 

a/
_'!:2 - - -!211 ( 1,0 00, 0 00 pa rl.s/mi II irn)Vrst m K i,000

Whiere %'t .. U !voll-le in li ers ooc'ipied by one mola at
standard tnmpeiature .m'-i pre 'sure (580 F~and 29.'?2 ir,. Hj)1

anM is thle 'mOlrecular wegtof "N0~ 2 (6 /ne.

ppm (0~6):24.04) (1) 100 219pp
2.2 69 0 .72
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IF. 7-2

:-41M1Sii T iT'E C 0 ENtTrA VITON
[N SCRUBBER LIQUORS

Examnie Calculations

Sample No. N:lI-Rl-S$1

O-ERATIONJAL DA~r\

a. Sipl( absoiWonce (x) 0.337 'BS 
LUni "s

b. Sample dilution factor (DF) 500

C. Slope of calibration curve (m) 0.98963

d. Y-inLtercept of calibration curve (b) 3.9667
x 10 - 3

')I:RIVFD DuATA I
I. Calculate ug of mTH cortai;.d in 1 ml of -crobber liquor

u = (x-- b) DF

ml in

(0.337 -03.9667 x 10-3

--)500 =168 ug-

2. Convert to grams M'4H per liter

g/I 'H g/m1 gg (1000 rl/l)

106 uq,'g

g/1 lii = 168 (1000) = 0.168 g/i I
10

6  i
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*"M11 SCRUBM hOE SAMPLES

MMH L (2)UUR mmli
SAMPLE GAS SAMPLEr CONC. SAMPLE CONC.

RUN TIME - NUN!',3ER ----- (PPM) NUM4BER - (G/L) y

1050-1131
7/31/80
1052 MO--R-I23, 300 ~U-1S1 0.2 1.53
1107 S2 133,000 SS2 0.4 1.59
t117 S33 17,500 SS3 0.2 1.59
1127 S4 46,000 S53 0.7 1.65
1102-1131.5 M~1oJ-lcIi0.1
1104-1131.7 CT2 0.2
1050-1100 'PI 0.4
1105-1115 Pi2 0.3
1115-1125 T3 0.2
1125-1127.8 T4 0.6
1128-1131.7 T5 1.0

0950-1037
8/1/80
0951 .4NIIl-IM--R2-S1 251,000 MX.I- R2- S S1 0.6 1.71
1002.5 52 242,000 SS2 1.0 1.82
1012.5 S3 166,000 SS3 1.1 1.85
1023.5 S4 210,000 SS4 1.4 1.90

1033.5 S5 88,000 SS5 1.5 1.94
0946-1039 M;411l-OUr- R2-CT1-A 0.*1

B3 0

0947-1039 C 0.

0947.5-1090 r4A 0.1
B 0.1
C 0.1

1001-1021 MMI-OUTr-R2- - 0.1

0
c 0.1

1021-1038 TG-A 0.1
B 0.1
C 0.1

1222-1258

8/1/80
1224 ;44-NR-1135,000 '-I:II-R3-SS1 1.8 1.92
1234.5 S2 90,000 SS2 2.0 1.96
1245 S3 47,900 SS3 2.3 1.97

=1251 S4 131,000 SS4 2.4 2.00

1256.5 S5 600,000 SS5 2.4 2. (A

_______ -..- --- --- --- --- --37
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Mli sc.RlJJ)AR VVPLFS (Con~tinued )

SC PUBBER
MMH LiQUOR MMHI

SAMPLE GAS SAMNPLE cO.3C. .7- ",PLE CO N.
IWN INUUMER - (Ppm) Ni '4BER (G/L) p1

1221-1300 m.:-uOUT-R3-CT1-A 0
B 0
C --

c 0
1222-1300 CT2-A 6.5

B 7.2
C 5.3

1222-1231.5 Ti-A 0.1
B 0.1
C 0.1

1231.5-1247.5 T2-A 0.1
B 0.1
C 0.2

1247.5-1300 M:UIi-OUT-R3-T3-A 0.1
B 0

1226-1304.8
8/4/80
1228 3I-IN-R4-SI 33, *f-,'I-' :] 3.1 2.01
1236 $2 87,700 3.4 2.04
1242 S3 97,200 -:53 3.9 2.07
1253 S4 91,900 ;".4 4.1 2.15
1258 S5 -00,000 s5 4.4 2.17
1224-1309 M. ..-OUT-Rl-CT- 0.2

0.1
C 0.2

D C.i
1225-1310 CT2-A 0.]

B 0.1
c 0.1
D 0.1 ii

1225-1310 CT3-A 0.1
B 0.1
c 0.1 I
D 0.1

8/4/80

1353 KMH--I N-R5-S1 93,900 R : 5a-R-S S1 4.3 2.24
1403 S2 89,700 SS2 4.8 2.25

= 1408 S3 82,300 SS3 2.4 2.26
1413 S4 86,500 SS4 3.7 2.27

_ __ . . .

1417.5 S5 63,700 ESS 5.2 2.27

- .~ - ~ -- ~ - -- ... -- -- --- - --- .--- - -38-



SCRUBB3ER
MM~iLIQUOR I4MH

SAM,,PLE GAS SAMPLE ONC. SAMPLE CONC.
RUN TIME -NUM"BER IF:)NUMBER __(GIL)__p -

1350-1,118 MM~-O'CUT-R5-CTl-A 0.1
B 0.2
C 0.1
O 0.1

1351-1418 Cr2-A 0
B 0

C -

0 -

1351-1418.5 CT3-A 0.2
B 0
C 0
D00

0926-1009

8/5/80
0931 MMI1I-l:-RG-Sl 31,800 MI GSl 5.7 2.35
0941 S2 46,500 SS2 'G.0 2.36
0947 S3 53,600 SS3 6.1 2.390954 S4 65,700 SS4 6.5 2.391003 85 79,300 Ss5 6.8 2.41
110 S6 84,800
0925-1012 M~J -1 -- C7'1-A 0.1

B 0.1
C 0.1

D 0.1I

0925-1012 FT- 0.2
Br 1- 0.1
C 0.1
0 0.1
D 0.1
F 0.

0926-11. CT 3-A 0.
B 0.1
C 0
D 0.)
E 0

F 0

1150-1222S8/5/80
1155 !M.%H-IN-R7-SI 78,600 M!!f-R7-SS1 6.5 2.42
1200 821 53,300 SS2 6.5 2.43

__ __ __ __---.------.-. - - - __ _ __ - -- - __ _ __ ---39-
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:~4I s:'J WIRSlh:'Li-,S (Con' i nued )

MMH L, Z'QOR Z4MH

SA."PLE GAS SAMPL.E CONC. Sih!APLE co 1G.

R~UN TIMS N - !O3 -z R (PPM) 3E (G/L) PH

1275 4~-L-7-3 ~ , 0 :~H .-~ 6.9 2.46

1212.5 S4 24,500 q.34 7.4 2.48

1218.5 s5 G63,500 ~ s, 7.0 2.50

1221.5 S'- 3 %! ~00
1 150-1223 M::i-OUT-R7-(-rl-A 0. 1

B 0
C 0
D 0
E 0

0.1
1150-1223 CT2-A 0.1

B 0.1
C 0.1
D 0
E 0
F 0

1151-1223 CT3-A 0.1
B 0
C 0
D 0
E 0
F 3

1120-1147

/6/80
1128 ~ vII-9~199,400 M:~-9S1 7.0 2.54

1134 S2 121,000 SS2 7.4 2.57

1139 S3 65,300 ss3 7.9 2.57

1144 S4 466,000 SS4 7.9 2.59

1120.5-1148.7 MIi-OUT-R9-CT1-A 0.4 -

CT2--A 0.4

1257-1328
8/6/80.
1300.3 tiMi-IN-RIO-Sl 49,400 'A2!.-R1O-qSl 8.0 2.60

1304.5 S2 133,000 SS2 8.4 2.60

1310 S3 131,000 SS3 6.5 2.61

1316 S4 109,000 SS4 7.1 2.62

1320.5 S5 96,200 S55 6.2 2.63

1328.8 S6 44,400

1257-1330.3 MV-Ll-OtP'RInO-CTl 0.3

1257.5-1330 MT 0.4

40



::' CR;i R SA:MPLE"S (Conti .d)

SCRUBB ER
LIQUOR

SAMPLE GAS SVPl-- CONC. .1PLE conc.
RUNT (PP?) .U( /L) .

I 0850-0929.9

8/7/80
5• 4 v-- I-ls 71,00 .- .II-SS! - 2.70

0859.5 $2 25,900 SS2 8.7 2.71
0908 S3 22,900 SS3 9.3 2.74
0915.5 < " 29,900 SS4 9.1 2.76
0923 $5 68, 900 SS5 8.9 2.76
3929.5 s6 37,000 SS6 7.5 2.76
0850-0933 .2.1 -IU -.P 11-CfT1 0.4
0850.5-0933 rT2 0.6

1055-1126.15
8/7/80
1058.8 4 -- I N R12 -S1 17,000 :-';-R!2-S 4.8 2.80
1103.8 $2 16,800 SS2 9.7 2.81
1109.5 S3 17,000 SS3 9.2 2.82
1115 S4 80,500 S4 96 28

1121.3 $5 41,900 SSs 10.2 2.84
1125.3 S6 56,100
1055-1127 1! 21oU 12- CT1 0.6
1056-1127 cT2 0.6

Tr3-A 0.5
1122-1148.8 B 0.4
1258-1330 C 0.3

0851-0933 D 0.2
IC57-1127 5 0.1

F 0.1

0844-0924.8

8/8/80
0847 v1I'-N-0 3-S 18,90-SSI 8.5 2.86
0059.5 $2 12,400 SS2 8.7 2.88
0907 S3 35,900 SS3 11.2 2.89
0913 S4 21,300 SS4 10.7 2.90
0921 $5 32,300 Ss5 11.6 2.92
0844-0925 .II1-OUT -R. 3- -A 0.?

B 0.2
0844.5-0925 CZ2-A 0.3

B 0.2

1036.8-1109.8
8/8/80
1040 1 R 4 --SS1 2357,00=0 M -1-SS 10.7 2.92

1047 $2 25,700 $S2 10.1 2.92

____ _ _ ___ 41
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SCF *JHI3E-R

T!L UBRWIUER M

~N ~ME N I~BE (PPM) .3~E (G/L) p

053.7 :!-Z - R_34-S3 3 3,500 2- 4-3S3 12.1 2.92
1100 .7 S4 19, GOO SS4 9.8 2.93

1155Ss 23,2'J0 SS5 12.9 2.96
E037-1110 ."'11-OUr-141-C-11-A 0.2

B 0.1
1037.5-U 00 '!'--A 0.3

1005.8-1044.8

1oa.8 a:;*-11-R15-S1 94,500 ~ HR5s1 12.6 3.02
1013 S2 20,790 SS2 13.2 3.05
1020.3 S3 18,:600 SS3 13.4 3.07
1026. 5 S4 23,700 SS4 14.5 3.09
1034.3 S5 22,100 SS5 14.1 31.10
1040.5 S6 90,100
'OOG-1045 MI-orR5-CTI-A 0.5

B 0.2
1006.5-1045 CT2-A 0.5

B 0.3

120G1236.2
8/li/80

'103 3 1NR - 9700 M:~-',l:16-SSI 15.1 3.07

121?' 3 S2 57,200 3S2 14.0 3.08
1219.5 S3 77,600 SS3 13.8 3.10
1-216.7 S4 12,700 SS4 12.3 3.11
1233 7 S5 25,700 ss5 14.7 3.11
1236 S6 74,300
1206-1237 11 -O0LUr- R16-C T 1-A 0.5

B 0.2
1206.5-1237 CT2-A 0.3

B 0.2

MMi-OUT-R1C-CT-- 0.6
0845-0925 B 0.5
1038-110 C 0.3
10I14 D 0.3

1207-1237 E 0.1
F 0.1

1039.5-1148 &
1311. 5-1415.5

10460 N'M-1'R1-1 1,170 !ZtMi-RU7-SSI 15.8 3.09

42j

_ _ _ _ _M



Fj-,:i SCiU!iBER AMPI-.S -

S-C JI3iER

WI H LQUOR Ms*H

SAMPLE GAS . A:PI E CONC. SA-iPLE CONc.
RUN TIME -ER . . MUMBER (G/L) PH

1118.7 M'::-!'17--S4 80,600 : I -SS4 15 .4 3.20
1132.7 S5 79,400 SS5 15.9 3.22
1145.5 S6 103,000 SS6 16.2 3.24
1316 S7 69,600 SS7 15.8 3.23
1328.7 59 93,300 Ss8 16.0 3.24
1334 S9 '32,600 SS9 1-.2 3.25
1340 S10 86,900 SSIo 16.6 3.26
1401.8 Sil 198,000 ssli 17.5 3.30
1415 .-12 111,000 SS!2 16.7 3.33

~.~-~7?- l7-r-A 1.2
B 0.7

1039.5-1148 C 0.5
1311.5-1416.7 D 0.5

E 0.4i

F 0.3
Ir2-A 1.7
U 1.0

1040-1148 j C 0.6
1312-1416.7 D 0.3

E 0-2
1041-1148 T6-A 2.3
1312.5-14 18

1055.5-1207.3 &
1327.3-1431.5
8/27/80
1058 i--SS-S 598,000 m.:4-Rlo-SS! 1.9 1.91
1108 121,000 SS2 1.9 1.89 f
1117 53 105,000 SS3 2.0 1.79
1121.8 S4 107,000 SS4 2.3 1.94
1152 S5 120,000 SS5 3.0 1.93
1201.7 S., 101,000 556 3.2 1.95
1331 S" 122,000 SS7 3.2 2.11
1344 S3 98,000 ss8 3.3 2.14

1352.5 5) 83,000 SS9 3.8 2.18
1355.9 SLO 79,000 SS10 3.8 2.20

1419 -SI 77,000 SSI 4.1 2.26
1427.3 S12 84,000 SS12 4.8 2.29

"=uZ-OUTr-H8-CTI-A 0.4

B 0.2
1055.5-1207.5 C 0.2
1327.5-1432.8 0 0.2

E 0.1
F 0.1

43
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--M! SCU.-E --Vt~.. ,o. ,u._

:I Q IQU R MMeq

SAMPLE GAS SAt'PLE cL-C. CtPLE

RUN TIME- - (PPM) .c::!'ER (G/L) Dil

M:HOUT -R- CE-CT 2-A 0.5
B 0.4

1056-1207.51 C 0-
132S-1433 D 0.2

E 0.2

F 0.2

w:-41-OUT-RiS-T6-A 0.6
B C.5

1056.5-1207.8 C 0.2
1321.5-1433.2 D 0.2

E 0.2
F 0.2

44
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NOA :C.4tIMR 8A'U'LE.S

SCRUBBRa-lER
NO LIQUOR SO

-2 3
SAMIPLE GAS SJIPLE NC. SAMPLE cONC.

RUN TIME N"UYPER (PPM) 'NU'ER .(%)

1304-1355.6
8/13/80
321 N02 -IN-RL-S 312,000 ?202-RI-SSi 7.23 13.39

i33' S2 245,000 SS2 7.23 13.33
134z S3 1,170,000 SS3 6.93 13.29
1349 84 5F4,000 SS4 6.69 13.24
1304-1355 :1O 2-OUT- RI-C r 12
1316-1355 Cr2 28
1316.5-1326.5 r6 47
1326.5-1336.5 VS 34
1336.5-1345.5 N 70
1345.5-1355.6 73 72

0907.5-1020 .5
8/14/80
0937.5 NO2 -IN-R2-81 104,000 NO2 -R2-SS1 4.43 13.23

0947.3 82 144,000 SS2 2.52 13.21
0917.8 S3 118,000 SS3 3.97 13-18
1006.5 84 130,000 SS4 3.71 13.15
1014.8 85 131,000 SS5 3.45 13.12
1025 S6 i1,400 SS6 2.79 13.09
0907.5-0959.5 N02-OUT-R2-C'1 56
0932-1020 CP2 5
0933-0950 Ti 156
09S0-f00 T2 21
1000-1010 T3 21
1010-i018.8 -. 20

1023-1029.5 T5 39

1247.8-1333.3
8/14/80
1253 NO2 -±'-R3-S! 82,000 NO2 R3-SS1 2.68 13.09
1301.5 S2 191,000 SS2 2.86 13.07
1311.5 53 405,000 SS3 2.66 12.99
1323 84 550,000 SS4 1.97 12.75

1332.5 S5 664,000 S5 1.47 12.25

1248-1333.3 N02 -OUr-R3-C'Ti 373
1248-1333.5 Cr2 345
1249-1259 ".,I 208
1259-1309 22 176
1309-1319 -3 377

1319-1329 74 1,386
1329-1333.8 15 1,320

45
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":.O, 'oQ": R so 3:

- 53-i -'085- GA0A:sC ?.L

s3. "02 - - -S  27, 0 0 0 R1 -4-S S1 .51 13.53z. '13 216 k
326.3 52 256,4000 S2 644 13 .50
335. I S3 295,000 3S3 -'-.13 13.47
.44.8 S4 s4 . 5 5 13295,0045
-54.7 5 25, 000 SS5 5.19 13-411405.3 S6 236,000 56 5. 12 13.33

1303-1409 C-UP-64-vrl 148
1305-1323 120
323-1333 .'2 48
'333-1343 T3 61

-34-153 74 59

35 -i"03 T5 37
i '0-08 T6 85

Ia?4O-Z343.3

NO" -1-5S 1'3 '47 n5i - 5S 332,000 r-SSI 5.09 13.33
1303 S2 373,000 4z2 4.38 13.28
1 -!4 S3 373,100 3 3.98 13.21

s328 $5 1,or",I100 $ 3.48 13.11'337.5 S6 1,140,600 S5 2.82 12.36'248- 343.6 .2-our-R5--CT !  1,020 2.52 12.66
• , -.. 73 1,350

'30C.51-3 l 3  -4 421
1313-1325.5 T5 292
1-056. 5-1215

i00 N02 -1!"-R6-S1 315,000 NO2-R6-SS1 6.58 13.62

116.5 S2 389,000 452 6.31 13.57
.032 13 421,000 SS3 5.4 1 13.51 =1151 S4 355,000 SS4 4.86 13.44S1053-1215 NO2-OUT-R6-CT 2  0-6 Selz 4. i8 13.37

1057.5-1114.3 T6 170 SS6 3.39 13.33
1114.3-1129.3 T5 92
1129.3-1149.3 T4 87
149.3-1215.3 -3 26

1424.5-1525.5
S/19/80
1427 02-'N-R7-S! 6,7 0 -.02-F7-SSi 4.59 13.271435 S2 28,600 SS2 4.98 13.30

46
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-Aa

i

SPLE '_ EIQR S-03
RUN "IME ..- R

1449.5 NO2-1i:-Z-R7-s3 87,3o0 "€2.-r' -3 4.3 I .9i
1518. 1,20,000 4.3 13.20

1--5-S5 -'S5 3.45 !3.02
14.25-1525.7 'O2-OU.-- ZC6 3.39 13.02
1425.5-1432.5 -3±: 53

-a S$5 12.92 l

1432.5-1447.5 £4 351447-152.5 17 !£

1502.2-1525.8 13

0921.5-1013.5

8/20/80
0926 "30 2 -:?-,-S 1 34000 1-3.2-ssi 1.47 12.830931.5 52 3i! ,0 S-'2 1-25 12.760948 S3 51 ,0 SS3 0-83 12.221006 S4 3 A3 , 00 SSA 11.50 i .I
1011.8 s5 337 ,00 SS5 0.45 10.78
0920.--1013.5 NO2S - R - 1,452
0921-0929 - 2,7
0929-1004 15 1,136
1004-1014 "N6 2,636

0922-3-1013
8/22/8-0
0925.5 NO2-±N- ' 9-S1 152,000 L1,-29-ssl -14 13.65
0938 52 ;63,91:0 SS2 583 13.-600948.3 S3 ,91,000 553 5.73 13.60

0957 7 ,3 13.6
4 633,30 SS4 5.38 13.63S07 5 429,000 SS5 5.35 13.56

0922-1012 Z-02- 9-c 2  4 556 5.37 13.60
0923-942 -4 12
0942-0955 "5 60955-1-043 i
0-955-1013'0-
0955-1013 (NO sa'nnle) :6 1

34t.8-14398/22/80

1350.8 NO2 -1N-RI -S 313,000 02-6.08 13.361357.7 : 280,000 2 5.41 13.35!SS2 5. 4! 13 351415 5 441,000 SS3 5.17 13.291426.8 $ 742,000 SS4 4.32 13.20
436.7 $5 1 ,060,000 SS5 4.91 13.001347-1439.5 NO2 Ob--V 0- "2 76 SS6 4.49 12.75

1347.5-1355.9 -4

47



!2 0 SCRUBER SAM"LES (Con.-luded)

S&MUBBER

N0 2  L1iYZOR So3
SAMPLE GAS SAMPLE CONC. SAMPLE Corr.

RU N TIME NUMBER (PPM) NUMBER (2) DH

1355.9-1413.5 NO2-OUT-R10-T5 63
1413.5-1439.3 T6 24
1413.5-1439.3 (NO) T6 58

1325-1438

8/25/80
1329 N2 -IN-Rl-Sl 332,000 N02 -RII-S1 3.13 12.98

1335 S2 354,000 SS2 2.87 12.85

1354 S3 327,000 SS3 1.89 12.12
1410.5 54 231,000 SS4 1.40 11.20
1423 S5 389,000 SS5 1.21 18.69
1434 S6 252,000 SS6 0.92 10.25
1326-1438 NO -OUT-R! I-CT2 3,860

1326.5-1333 T4 9.650
1333-1419 T5 2,390
1419-1438 T6 6, 6S0

I

= I
= I
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